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EMULATION OF HARDWARE DEVICES IN A 
PRE-BOOT ENVIRONMENT 

FIELD OF THE INVENTION 

[0001] The ?eld of invention relates generally to computer 
systems and, more speci?cally but not exclusively, relates to 
emulating a hardWare device of a computer system. 

BACKGROUND INFORMATION 

[0002] During a computer system start-up, the computer 
system is self-tested and initialized through loading and 
execution of system ?rmWare. Under personal computer 
(PC) architectures, this ?rmWare is commonly referred to as 
the system’s Basic Input/Output System (BIOS). In a typical 
PC architecture, the BIOS is generally de?ned as the ?rm 
Ware that runs betWeen the processor reset and the ?rst 
instruction of the Operating System (OS) loader. This is 
commonly referred to as the pre-boot phase and precedes the 
OS boot phase. At the start of a boot, very little of the system 
beyond the processor and ?rmWare is actually initialiZed. It 
is up to the code in the ?rmWare to initialiZe the system to 
the point that an operating system loaded off of media, such 
as a hard disk, can take over. 

[0003] Computer systems, such as personal computers, 
operate through the interaction of application softWare, the 
operating system and the BIOS. Generally, the BIOS honors 
requests from the operating system to conduct operations on 
the various hardWare devices in a computer system. The 
commands to a hardWare device are based on the particular 
con?guration of a PC. The BIOS alloWs operating systems 
and applications to Work the same on a variety of different 
computers With different hardWare con?gurations. The 
BIOS executes loW-level commands to manage the various 
hardWare components. 

[0004] In a typical scenario, a user chooses a command to 
save a Word processing ?le to a magnetic hard disk. The 
Word processing application sends the save command to the 
operating system. The operating system Will modify its 
directory structure accordingly, as Well as take care of other 
housekeeping functions, and then hand off the details of 
saving the ?le to the BIOS. The BIOS retrieves the data for 
the ?le and issues commands to the disk-drive controller to 
save the data to the hard disk. The commands issued by the 
BIOS are tailored speci?cally for that particular hardWare 
device. The BIOS commands are translated into electrical 
signals to save the data on the disk’s surface. Thus, the BIOS 
is responsible for loW-level communication With hardWare 
devices of the computer system. 

[0005] Many future computer systems Will be shipped 
Without some hardWare pieces that today are very common. 
HoWever, today’s operating systems make assumptions 
about the presence of certain pieces of hardWare in a 
computer system, such as a ?oppy disk drive. The incon 
sistency betWeen platform con?guration and OS expecta 
tions creates system problems. 

[0006] For example, an operating system, such as those 
manufactured by the Microsoft Corporation, often require 
the presence of ?oppy disk drive during operating system 
installation. The operating system Will ask the user to insert 
a ?oppy disk having necessary data. HoWever, on a com 
puter system Without a ?oppy disk drive, the user has no Way 
to satisfy this request by the OS. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention is illustrated by Way of 
example and not limitation in the accompanying ?gures. 

[0008] FIG. 1 is a schematic diagram of a computer 
system according to one embodiment of the present inven 
tion. 

[0009] FIG. 2 is a ?oWchart illustrating the logic and 
operations performed by one embodiment of the invention to 
emulate a hardWare device of a computer system. 

[0010] FIG. 3 is a ?oWchart illustrating the logic and 
operations performed by one embodiment of the invention to 
create and store a ?rmWare recovery image. 

[0011] FIG. 4 is a schematic diagram illustrating a com 
puter system that may be used to practice an embodiment of 
the present invention. 

DETAILED DESCRIPTION 

[0012] Embodiments of a method to emulate a hardWare 
device and computer apparatus for implementing the method 
are described herein. In the folloWing description, numerous 
speci?c details are set forth, such as embodiments pertaining 
to the Extensible FirmWare Interface (EFI) frameWork, to 
provide a thorough understanding of embodiments of the 
invention. One skilled in the relevant art Will recogniZe, 
hoWever, that the invention can be practiced Without one or 
more of the speci?c details, or With other methods, compo 
nents, materials, etc. In other instances, Well-knoWn struc 
tures, materials, or operations are not shoWn or described in 
detail to avoid obscuring aspects of the invention. 

[0013] Reference throughout this speci?cation to “one 
embodiment” or “an embodiment” means that a particular 
feature, structure, or characteristic described in connection 
With the embodiment is included in at least one embodiment 
of the present invention. Thus, the appearances of the 
phrases “in one embodiment” or “in an embodiment” in 
various places throughout this speci?cation are not neces 
sarily all referring to the same embodiment. Furthermore, 
the particular features, structures, or characteristics may be 
combined in any suitable manner in one or more embodi 
ments. 

[0014] With reference to FIG. 1, a computer system 100 
having an emulated hardWare device in accordance With one 
embodiment of the invention is shoWn. The computer sys 
tem 100 includes a processor 102, a memory 104, and a 
?rmWare storage 110 coupled to a bus 108. Generally, 
computer system 100 may include, but is not limited to, a 
personal computer, a netWork Workstation, a portable com 
puter, a handheld or palmtop computer, a personal digital 
assistant (PDA), a Wireless phone, a digital camera, or the 
like. In one embodiment, computer system 100 is con?gured 
in a similar manner to an exemplary computer system 
discussed beloW in conjunction With FIG. 4. 

[0015] The ?rmWare storage 110 is a non-volatile storage 
device including, but not limited to, a ?ash memory device, 
an Erasable Programmable Read Only Memory (EPROM), 
an Electronically Erasable Programmable Read Only 
Memory (EEPROM), or the like. In one embodiment, ?rm 
Ware storage 110 stores BIOS ?rmWare executable by com 
puter system 100. 
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[0016] In one embodiment of the present invention, ?rm 
Ware storage 110 includes instructions and/or data in accor 
dance With an EFI framework standard (speci?cations and 
examples of Which may be found at http://developer.intel 
.com/technology/e?). Today’s ?rmWare architectures 
include provisions for extending BIOS functionality beyond 
that provided by the BIOS code stored in a platform’s BIOS 
device (e.g., ?ash memory). More particularly, the Exten 
sible FirmWare Interface enables ?rmWare, in the form of 
?rmWare modules and drivers, to be loaded from a variety 
of different resources, including primary and secondary ?ash 
devices, option ROMs (Read-Only Memory), various per 
sistent storage devices (e.g., hard disks, CD ROMs (Com 
pact Disk-Read Only Memory), etc.), and even over com 
puter netWorks. In one implementation of the EFI 
frameWork, the initialiZation process includes various 
execution phases of ?rmWare stored on the computer system 
100. These execution phases include a Pre-EFI InitialiZation 
(PEI) phase, a Driver execution Environment (DXE) phase, 
and an EFI 1.0 execution phase. These phases enable ini 
tialiZation and set-up of various platform devices and ser 
vices, and enable an operating system to be booted in 
accordance With an OS launch phase that folloWs the EFI 1.0 
execution phase. The EFI frameWork Will be discussed 
further in conjunction With FIG. 3. 

[0017] In one embodiment, the ?rmWare storage 110 is a 
?ash memory device. Those skilled in the art Will understand 
that the invention may be implemented in other types of 
persistent storage devices for maintaining ?rmware code 
and/or data, and the embodiments of the invention using 
?ash devices discussed herein are merely exemplary 
schemes for practicing the invention. 

[0018] Flash Memory is a non-volatile memory technol 
ogy that alloWs manufacturers and (With the appropriate 
hardWare/softWare) end users to electrically erase and 
(re)program information. Flash Memory is typically erased 
in units of memory called blocks instead of being erased at 
the bit level, Wherein all bits in a given block are sWitched 
to a predetermined polarity (i.e., logic level) When the block 
is erased. In one embodiment, the block siZe is 64k. In 
another embodiment, the block siZe is 32k. In one common 
type of ?ash memory, such as ?ash memory devices manu 
factured by the Intel Corporation, blocks of memory are 
erased electronically by setting all bits in a block to l’s. Data 
can then be Written to the block by ?ipping individual bits 
to O’s to form appropriate bit patterns corresponding to the 
data. In other types of ?ash devices, the erased logic state is 
all 0’s, and Writing data to these devices involves changing 
individual bits to l’s. It is noted that in conventional ?ash 
devices, individual bits cannot be ?ipped from a changed 
(i.e., set) logic level back to the erased logic level; in order 
to update data in a block, all of the bits have to be erased 
?rst, and then reWritten. 

[0019] Referring to FIG. 1, a device emulator 106 is 
coupled to bus 108. Device emulator 106 is used to emulate 
a missing hardWare device 112. Missing hardWare device 
112 is shoWn in FIG. 1 With dotted lines to highlight that the 
missing hardWare device 112 does not exist, but instead Will 
be emulated by device emulator 106. As discussed beloW in 
further detail, any requests for access to the missing hard 
Ware device 112 are directed to device emulator 106. A 
hardWare device Will be “faked” such that the requester Will 
believe the computer system 100 is populated With items 
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that are not there. The requester is unaWare of the emulation 
and perceives the missing hardWare device 112 as actually 
being present in the computer system 100. 

[0020] In one embodiment, a Random Access Memory 
(RAM) drive (also referred to as a “RAM disk”) emulates a 
storage device, such as a magnetic disk drive. Data can be 
read and Written to the RAM drive as if it is a magnetic disk 
drive. A typical RAM drive refers to memory that has been 
con?gured to simulate a disk drive (e.g., a magnetic disk 
drive, an optical disk drive, etc.), and is Well knoWn in the 
art. Files can be stored and retrieved from the RAM drive as 
if the ?les Were stored on a conventional disk. The RAM 
drive is usually assigned a drive letter and regarded by the 
operating system as another drive accessible to the computer 
system. 
[0021] Referring back to FIG. 1, in one embodiment, 
device emulator 106 is a RAM drive con?gured to emulate 
the missing hardWare device 112, Which in this embodiment 
is a ?oppy disk drive. The RAM drive could be a memory 
device separate from memory 104. In an alternative embodi 
ment, the RAM drive may be created Within memory 104. In 
another embodiment, the device emulator 106 may be a 
Universal Serial Bus (USB) hard drive that emulates a 
storage device. 
[0022] FIG. 1 also shoWs a storage device 114 coupled to 
bus 108, in accordance With one embodiment of the present 
invention. Storage device 114 includes, but is not limited to, 
a magnetic disk drive, an optical disk drive, a magnetic tape 
drive, a random access memory, or the like. Storage device 
114 can be used to load data into the device emulator 106. 
In an alternative embodiment, storage device 114 resides 
outside of computer system 100 and is communicatively 
coupled to computer system 100 via a netWork. Such a 
netWork may include, but is not limited to, a Local Area 
NetWork (LAN), a Wide Area NetWork (WAN), or a col 
lection of LANs and WAN s, such as an enterprise intranet or 
the Internet. The netWork connection may comprise a Wired 
connection (e.g., Ethernet, token ring, etc.), a Wireless 
connection including optical systems, satellite transmis 
sions, or the like, or any combination thereof. 

[0023] For reasons of clarity, only a single device emulator 
106 is shoWn in FIG. 1. HoWever, in alternative embodi 
ments, a plurality of device emulators, of the same or 
different types, could be implemented in computer system 
100 to mimic various hardWare devices. In another embodi 
ment having a plurality of device emulators, one or more of 
the device emulators could reside outside of computer 
system 100 and be accessible to computer system 100 via a 
netWork. 

[0024] A ?oWchart illustrating further details of logic and 
operations performed in accordance With an embodiment of 
the present invention is shoWn in FIG. 2. The process begins 
in a block 202 to con?gure a device emulator in a computer 
system. To con?gure the device emulator, the computer 
system scheme is modi?ed so that softWare, such as an 
operating system and/or an application, Will perceive the 
device emulator as a particular hardWare device. In one 
embodiment, the BIOS ?rmWare of a computer system is 
modi?ed so that any softWare that issues commands related 
to a missing hardWare device Will be directed to the corre 
sponding device emulator. 
[0025] During the operation of the computer system, the 
operating system requests to access a missing hardWare 
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device, as depicted in a block 204. From the OS point of 
vieW, the missing hardware device is present and available 
to the OS. However, the missing hardWare device does not 
actually exist, but is simulated by the device emulator. 

[0026] In a block 206, the request from the OS is serviced 
via the device emulator. The OS request to access the 
missing hardWare device is directed to the device emulator 
such that the OS believes it is communicating With the 
missing hardWare device. The OS conducts activity With the 
device emulator as if it is operating With the missing 
hardWare device. In another embodiment, the request to 
access the missing hardWare device is received directly from 
an application that bypasses the operating system. The 
application communicates directly With the BIOS ?rmWare 
Without operating system intervention. In this embodiment, 
the application request is directed to the device emulator and 
serviced by the device emulator in a similar manner as 
discussed above. 

[0027] A ?oWchart illustrating further details of logic and 
operations performed in accordance With an alternative 
embodiment of the present invention is shoWn in FIG. 3. 
The embodiment of FIG. 3 is shoWn emulating a ?oppy disk 
drive With a RAM drive for the installation of operating 
system components on a computer system. The process 
begins in a block 302, Which corresponds to a system startup 
event, i.e., a cold boot or a system reset. 

[0028] In response to the startup event, pre-boot initial 
iZation of the computer system Will begin stored in the 
computer system BIOS ?rmWare, as depicted by a block 
304. In one embodiment, the system boot instructions Will 
begin initialiZing the client by conducting a PoWer-On 
Self-Test (POST) routine, initialiZing system board func 
tions, checking for any expansion boards that hold addi 
tional BIOS code, and loading such BIOS code if any is 
found. 

[0029] In a block 306, a RAM drive is installed on the 
computer system. It Will be appreciated that the RAM drive 
is installed and accessed during the pre-boot phase. In an 
EFI compliant computer system, the RAM drive can be 
described in an EFI con?guration table so that an OS present 
agent can ?nd the buffer that represents the RAM drive. 

[0030] In a decision block 308, the logic determines if the 
computer system is EFI compliant. If the ansWer in decision 
block 308 is yes, then the logic proceeds to a block 312, to 
con?gure an Advance Con?guration and PoWer Interface 
(ACPI) device path to the RAM drive to “fake” a ?oppy disk 
drive. 

[0031] A device path is used to de?ne the programmatic 
path to a hardWare device. The primary purpose of a device 
path is to alloW an EFI application, such as an OS loader, to 
determine the physical device path that the EFI interfaces 
are abstracting. In one embodiment, to emulate a ?oppy disk 
drive, the EFI frameWork may advertise an ACPI device 
path node With a plug-and-play hardWare identi?er of 
0x0604. After the device path is con?gured in block 312, the 
logic proceeds to a block 314. 

[0032] Referring back to decision block 308, if the ansWer 
is no, then the logic proceeds to a block 310 to con?gure a 
handler for a non-EFI compliant system (also referred to as 
a “legacy” system.) The handler of block 310 is a BIOS 
routine to catch access requests to the missing hardWare and 
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re-route the request to the device emulator. In one embodi 
ment, an interrupt INT13h handler is installed in the BIOS 
to re-route access requests from drive 0 (the ?oppy disk 
drive) to the RAM drive. After the handler is con?gured in 
block 310, the logic proceeds to block 314. 

[0033] It Will be appreciated that in one embodiment, a 
RAM drive can have both an INT13h handler and an ACPI 

descriptor. In this embodiment, the computer system can run 
both legacy and EFI aWare operating systems. A platform 
can comply With the EFI speci?cation and also support 
legacy OS binaries that have no knoWledge of the EFI 
speci?cation. The EFI speci?cation does not prevent a 
platform from supporting both EFI and legacy BIOS infra 
structures. 

[0034] In block 314, data is loaded into the RAM drive. 
When the OS is looking for data stored in a particular 
storage device, the OS Will perceive the device emulator as 
the storage device the OS is looking for and be provided data 
stored thereon. The operating system believes the computer 
system is populated With a hardWare device that is not 
actually present. In one embodiment, the user is presented 
With a user interface during the pre-boot phase so that the 
user can load the RAM drive With data from a storage 
medium, such as a CD-ROM. In another embodiment, a 
system administrator employs a user interface during pre 
boot to seed a RAM drive With the appropriate data for 
hardWare devices in a netWork. For example, the system 
administrator knoWs that a given series of platforms in a 
netWork have a particular hardWare device, such as a Redun 
dant Array of Inexpensive Disks (RAID) controller, that is 
not supported by the base operating system installation. The 
OS installation Will ?nd the necessary device drivers on the 
RAM drive. 

[0035] After data is loaded into the RAM drive, the 
pre-boot phase of the computer system is completed, as 
depicted in a block 316. In a block 318, the installation of an 
OS is conducted. In one embodiment, the OS installation 
occurs on a computer system that does not have the OS 
installed or the OS is not functioning properly. During such 
an OS installation, the OS typically asks for a ?oppy disk 
containing particular data to be placed in the ?oppy disk 
drive. When the OS makes a request to access the ?oppy 
disk drive, the OS request Will in actuality be sent to the 
RAM drive. The data requested by the OS resides on the 
RAM drive because the data Was seeded in the RAM drive 
in block 314. The BIOS Will honor the OS request and 
provide the OS With the requested data from the RAM drive. 
In another embodiment, the OS installation involves install 
ing a neW driver on the computer system during OS run 
time. In this case, if the OS asks the user for a ?oppy disk 
having the neW driver, the OS Will be provided With the 
requested data that Was previously loaded into the RAM 
drive. 

[0036] An embodiment of the present invention, as illus 
trated in FIG. 3, offers numerous advantages. Operating 
systems that make assumptions regarding the presence of 
particular hardWare devices may be implemented on plat 
forms that are shipped Without these hardWare devices. 
Computer system hardWare can be advanced Without being 
hindered by sloWer softWare evolution or outdated hardWare 
requirements of legacy operating systems. SoftWare appli 
cations and utilities that have been designed for use With 
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certain hardware devices can be used on newly shipped 
platforms by Way of “faked” hardWare devices. In the case 
of an OS installation, emulating a ?oppy disk drive over 
comes the problems associated With installing an OS on a 
platform Without a ?oppy disk drive. 

[0037] FIG. 4 illustrates an embodiment of an exemplary 
computer system 400 to practice an embodiment of the 
invention described above. Computer system 400 is gener 
ally illustrative of various types of computer devices, includ 
ing personal computers, laptop computers, Workstations, 
servers, etc. For simplicity, only the basic components of the 
computer system are discussed herein. Computer system 
400 includes a processor chassis 402 in Which various 
hardWare components are housed, including a ?oppy disk 
drive 404, a hard disk 406, a poWer supply (not shoWn), and 
a motherboard 408 populated With appropriate integrated 
circuits including system memory 410 coupled to one or 
more processors 412. System memory 410 may include, but 
not is limited to, Dynamic Random Access Memory 
(DRAM), Static Random Access Memory (SRAM), Syn 
chroniZed Dynamic Random Access Memory (SDRAM), 
Rambus Dynamic Random Access Memory (RDRAM), or 
the like. Processor 412 may be a conventional microproces 
sor including, but not limited to, an Intel Corporation X86, 
Pentium, XScale or Itanium family microprocessor, a 
Motorola family microprocessor, or the like. Hard disk 406 
may comprise a single unit, or multiple units, and may 
optionally reside outside of computer system 400. The 
system also includes a boot ?rmware device on Which 
?rmWare is stored, Which may typically comprise non 
volatile memory such as a ROM device 420 or a ?ash device 
422. Other non-volatile memory devices include, but are not 
limited to, an Erasable Programmable Read Only Memory 
(EPROM), an Electronically Erasable Programmable Read 
Only Memory (EEPROM), or the like. The motherboard 
may include other ?rmWare devices as Well (not shoWn). In 
general, the system’s processors Will comprise 32- or 64-bit 
architectures, and the system memory Will include physical 
addressing schemes appropriate to the processor(s), and may 
be accessed via corresponding address and data buses to 
Which the processor(s) and the memory are connected. 

[0038] A monitor 414 is included for displaying graphics 
and text generated by ?rmWare, softWare programs and 
program modules that are run by computer system 400, such 
as system information presented during system boot. A 
mouse 416 (or other pointing device) may be connected to 
a serial port, USB port, or other like bus ports communica 
tively coupled to processor 412. Akeyboard 418 is commu 
nicatively coupled to motherboard 408 in a similar manner 
as mouse 416 for user entry of text and commands. In one 

embodiment, computer system 400 also includes a netWork 
interface card NIC or built-in NIC interface (not shoWn) for 
connecting computer system 400 to a computer netWork 
430, such as a local area netWork (LAN), Wide area netWork 
(WAN), or the Internet. In one embodiment netWork 430 is 
further coupled to a remote computer 435, such that com 
puter system 400 and remote computer 435 can communi 
cate. In one embodiment, a portion of the system’s ?rmWare 
is loaded during system boot from remote computer 435. 

[0039] The illustrated embodiment further includes an 
optional add-in card 424 that is coupled to an expansion slot 
of motherboard 408. In one embodiment, add-in card 424 
includes an Option ROM 426 on Which ?rmWare is stored. 
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Computer system 400 may also optionally include a com 
pact disk-read only memory (“CD-ROM”) drive 428 into 
Which a CD-ROM disk may be inserted so that executable 
?les, such as an operating system, and data on the disk can 
be read or transferred into system RAM 410 and/or hard disk 
406. Other mass memory storage devices may be included 
in computer system 400. 

[0040] In another embodiment, computer system 400 is a 
handheld or palmtop computer, Which are sometimes 
referred to as personal digital assistants (PDAs). Handheld 
computers may not include a hard disk or other mass 
storage, and the executable programs are loaded from a 
corded or Wireless netWork connection into memory 410 for 
execution by processor 412. A typical computer system 400 
Will usually include at least processor 412, memory 410, and 
a bus (not shoWn) coupling the memory 410 to the processor 
412. 

[0041] It Will be appreciated that in one embodiment, 
computer system 400 is controlled by operating system 
softWare that includes a ?le management system, such as a 
disk operating system, Which is part of the operating system 
softWare. For example, one embodiment of the present 
invention utiliZes Microsoft Windows@ as the operating 
system for computer system 400. In another embodiment, 
other operating systems such as, for example, but not limited 
to the Apple Macintosh operating system, the Linux oper 
ating system, the Microsoft WindoWs CE® operating sys 
tem, the Unix operating system, the 3Com Palm operating 
system, or the like may also be used in accordance With the 
teachings of the present invention. 

[0042] Thus, embodiments of this invention may be used 
as or to support a ?rmWare and softWare code executed upon 
some form of processing core (such as processor 412) or 
otherWise implemented or realiZed upon or Within a 
machine-readable medium. A machine-readable medium 
includes any mechanism that provides (i.e., stores and/or 
transmits) information in a form readable by a machine (e. g., 
a computer, netWork device, personal digital assistant, 
manufacturing tool, any device With a set of one or more 
processors, etc.). For example, a machine-readabel medium 
can include, but is not limited to, a read only memory 
(ROM), a random access memory (RAM), a magnetic disk 
storage media, an optical storage media, a ?ash memory 
device, or the like. In addition, a machine-readable medium 
can include propagated signals such as electrical, optical, 
acoustical or other forms of propagated signals (e.g., carrier 
Waves, infrared signals, digital signals, etc.). 
[0043] The above description of illustrated embodiments 
of the invention, including What is described in the Abstract, 
is not intended to be exhaustive or to limit the invention to 
the precise forms disclosed. While speci?c embodiments of, 
and examples for, the invention are described herein for 
illustrative purposes, various equivalent modi?cations are 
possible Within the scope of the invention, as those skilled 
in the relevant art Will recogniZe. 

[0044] These modi?cations can be made to the invention 
in light of the above detailed description. The terms used in 
the folloWing claims should not be construed to limit the 
invention to the speci?c embodiments disclosed in the 
speci?cation and the claims. Rather, the scope of the inven 
tion is to be determined entirely by the folloWing claims, 
Which are to be construed in accordance With established 
doctrines of claim interpretation. 
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What is claimed is: 
1. A method, comprising: 

emulating a missing device of a computer system With a 
device emulator; 

receiving a request to access the missing device; and 

servicing the request via the device emulator. 
2. The method of claim 1, Wherein the missing device 

comprises a ?rst storage device. 
3. The method of claim 2, Wherein the device emulator 

comprises a second storage device. 
4. The method of claim 3, further comprising: 

loading data into the second storage device, the data 
anticipated to be requested from the ?rst storage 
device; and 

providing the data from the second storage device in 
response to a request to access the data from the ?rst 
storage device. 

5. The method of claim 4, Wherein the data requested from 
the ?rst storage device comprises an operating system 
component. 

6. The method of claim 4, further comprising providing a 
user interface in pre- boot of the computer system to load the 
data into the second storage device. 

7. The method of claim 1, Wherein receiving the request 
comprises receiving the request from an operating system of 
the computer system. 

8. The method of claim 1, Wherein receiving the request 
comprises receiving the request directly from an application 
Without operating system intervention. 

9. The method of claim 1, Wherein emulating the missing 
device is performed via ?rmWare. 

10. The method of claim 9, Wherein emulating the missing 
device comprises con?guring the ?rmWare to direct requests 
for the missing device to the device emulator. 

11. The method of claim 9, Wherein the ?rmWare com 
prises Basic Input/Output System (BIOS) ?rmWare to oper 
ate in accordance With the Extensible FirmWare Interface 
(EFI) frameWork standard. 

12. An article of manufacture comprising: 

a machine-readable medium on Which a plurality of 
instructions are stored, Which When executed perform 
operations comprising: 

emulating a missing device of a computer system With a 
device emulator; 

receiving a request from an operating system executable 
on the computer system to access the missing device; 
and 

servicing the request via the device emulator. 
13. The article of manufacture of claim 12, Wherein the 

missing device comprises a ?rst storage device. 
14. The article of manufacture of claim 13, Wherein the 

device emulator comprises a second storage device. 
15. The article of manufacture of claim 13, Wherein the 

?rst storage device comprises a magnetic disk drive. 
16. The article of manufacture of claim 14, Wherein the 

second storage device comprises a Random Access Memory 
(RAM) drive. 
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17. The article of manufacture of claim 14, Wherein 
execution of the instructions further performs the operations 
of providing a user interface in pre-boot of the computer 
system to load data anticipated to be requested from the ?rst 
storage device into the second storage device. 

18. The article of manufacture of claim 12, Wherein 
instructions for emulating the missing device comprises 
instructions for con?guring a Basic Input/Output System 
(BIOS) interrupt handler in ?rmWare of the computer system 
to intervene in the request to access the missing device and 
route the request to the device emulator. 

19. The article of manufacture of claim 12, Wherein 
instructions for emulating the missing device comprises 
con?guring a device path in ?rmWare of the computer 
system to route access requests for the missing device to the 
device emulator. 

20. The article of manufacture of claim 19, Wherein the 
device path de?ned in accordance With the Advanced Con 
?guration and PoWer Interface (ACPI) frameWork. 

21. The article of manufacture of claim 12, Wherein the 
plurality of instructions operate in accordance With the 
Extensible FirmWare Interface (EFI) frameWork standard. 

22. A computer system, comprising: 

a processor; and 

at least one ?ash device operatively coupled to the pro 
cessor on Which ?rmWare instructions are stored, Which 
When executed by the processor perform operations 
comprising: 

emulating a missing device of a computer system With a 
device emulator; 

receiving a request from an operating system executable 
on the computer system to access the missing device; 
and 

servicing the request via the device emulator. 
23. The computer system of claim 22, Wherein emulating 

the missing device comprises con?guring a handler in 
?rmWare, the handler to reroute access requests for the 
missing device to the device emulator. 

24. The computer system of claim 22, Wherein emulating 
the missing device comprises con?guring a device path in 
?rmWare to route access requests for the missing device to 
the device emulator, the device path de?ned in accordance 
With the Advanced Con?guration and PoWer Interface 
(ACPI) frameWork. 

25. The computer system of claim 22, Wherein the ?rm 
Ware instructions operate in accordance With the Extensible 
FirmWare Interface (EFI) frameWork standard. 

26. The computer system of claim 22, Wherein the missing 
device comprises a ?rst storage device and the device 
emulator comprises a second storage device. 

27. The computer system of claim 26, Wherein execution 
of the ?rmWare instructions further performs the operations 
of providing a user interface to load data anticipated to be 
requested from the ?rst storage device into the second 
storage device. 


